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We have developed a  g e n e r a l  formal i sm of p ion  exchange a  p ion ,  and he r e  we i nc lude  i soba r [A]  c u r r e n t s  
p roduc t i on  v i a  NN s c a t t e r i n g ,  i . e .  N + N -+ N + N + TC, [Fig .  2b] ,  p-TC c u r r e n t s  [Fig.  2d] ,  and p a i r  cu r r en t s .  
assuming t h a t  p ion  emiss ion  t ake s  p l ace  e f f e c t i v e l y  a t  [F ig .  2c ] ;  ( i i i )  p ion  product ion  wi th  quark i n t e r change  
t h e  quark l e v e l  and t h a t  quark-quark i n t e r a c t i o n s  a r e  but  wi thout  boson exchange [F ig .  3d] ;  and ( i v )  p ion  
de sc r i bed  t o  a  s u f f i c i e n t l y  good approximat i on  by p roduc t i on  wi th  quark i n t e r change  i n  a d d i t i o n  t o  
one-gluon exchange p lu s  e f f e c t i v e  one-pion exchange one-gluon o r  one-pion exchange [F igs .  3a-3cI. Using a  
[F igs .  l a - l c ] .  Consequently,  t h e  v a r i o u s  r e a c t i o n  x-d o p t i c a l  p o t e n t i a l  which best f i t s  t h e  r d  e l a s t i c  
mechanisms can be grouped i n t o  f o u r  d i s t i n c t  s c a t t e r i n g  d a t a  [except  i n  t h e  ONM o r  NOIA 
c a t e g o r i e s ,  v iz . :  ( i )  one-nucleon-mechanism [ONM] o r  c o n t r i b u t i o n s  i n  o rde r  t o  avoid  double coun t i ng  
t h e  nucleon-only impulse approximat ion  [NOIA] where a  w i th  c o n t r i b u t i o n s  from i s o b a r  c u r r e n t s ] ,  we a r e  a b l e  
p ion  is emi t t ed  from one of t h e  two nucleon c l u s t e r s  t o  c a r r y  out  an almost  parameter-f r e e  c a l c u l a t i o n  f o r  
[F ig .  2a] ;  ( i i )  two-nucleon-mechanisms [TNM] where p ion  p  + p + d + TC'. Assuming t h a t  t h e  quark i n s i d e  a  
emiss ion  t ake s  p l ace  whi le  t h e  two nucleon c l u s t e r s  hadron can be de sc r i bed  approximate ly  by t h e  wave 
F inu re  1. Pion  
product  i o n  mechanisms 
a t  t h e  quark  l e v e l :  
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Figu re  2. I n t e r -  
c l u s t e r  r e a c t i o n  
mechanisms, i n c l u d i n g  
p ion  p roduc t i on  
a r i s i n g  from nucleon 
only  impulse approx- 
imat i o n  [NOIA; ( a ) ] ,  
i s o b a r  c u r r e n t s  
[ 2 ( b ) ] ,  p a i r  c u r r e n t  
[ 2 ( c ) l ,  and px- 
exchange c u r r e n t  
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Figu re  3. T y p i c a l  examples f o r  p ion  p roduc t i on  
i nvo lv ing  quark i n t e r change .  Pion emiss ion  wi th  
quark  i n t e r change  but  w i thou t  boson exchange is 
a l s o  shown [ 3 ( d ) ] .  
f u n c t i o n  f o r  a  D i r ac  p a r t i c l e  moving i n  a  c e n t r a l  
con f in ing  p o t e n t i a l ,  we have been a b l e  t o  s i m p l i f y  a  
number of e s s e n t i a l l y  14-dimensional  i n t e g r a l s  
a s s o c i a t e d  wi th  p e r c o l a t e d  r e a c t i o n  mechanisms i n t o  
5-dimensional  ones ,  which a r e  eva lua t ed  v i a  a  Quasi  
Monte-Carlo method. Numerical p r e d i c t i o n s  on t h e  
d i f f e r e n t i a l  c r o s s  s e c t i o n  and ana lyz ing  power a r e  t hen  
made f o r  t h e  r e a c t i o n s  p  + p + d + sr;+ and 
n + p + p + p + n - .  
I n  F igs .  4a and 4b, t h e  c a l c u l a t e d  c r o s s  
s e c t i o n  f o r  t h e  p ion-absorp t ion  r e a c t i o n  n+ + d + p + p 
and t h e  ana lyz ing  power Ay f o r  t h e  r e a c t i o n  
+ 
p + p + d + n+ a t  Tp = 180 MeV a r e  shown r e s p e c t i v e l y  
a s  a  f u n c t i o n  of q [= 9,/m,] and a s  a  f u n c t i o n  of t h e  
p ion  s c a t t e r i n g  ang l e  OCm [ i n  t h e  CM frame].  I n  both 
f i g u r e s ,  we compare t h e  p r e d i c t i o n  c a l c u l a t e d  w i th  
quark- in te rchange  [Q .I. ] r e a c t i o n  mechanisms w i th  t h a t  
c a l c u l a t e d  wi thout  Q.I. [NO Q.I .] .  The p-p p a r t i a l  
waves inc luded  i n  t h i s  c a l c u l a t i o n  a r e  3p1, I s o ,  and 
' ~ 2 .  Although importance of Q.I. v a r i e s  w i th  t h e  
k inema t i c  r eg ion ,  t h e s e  two f i g u r e s  a l one  a l r e a d y  
conf i rm t h e  obse rva t i on  made by M i l l e r  and ~ i s s  l i n g e r  
t h a t  e f f e c t s  caused by sho r t -d i s t ance  quark- in te rchange  
mechanisms need t o  be cons ide r ed  even near  t h e  
t h r e sho ld .  
I n  F igs .  5a and 5b, t h e  p r e d i c t e d  double 
d i f f e r e n t i a l  c r o s s  s e c t i o n  d2a/d~,dL2, and t h e  ana lyz ing  
power Ay f o r  t h e  r e a c t i o n  n  + p + p + p + x- a t  t h e  
p-p e x c i t a t i o n  energy Ex = 4 MeV and t h e  p ion  emiss ion  
ang l e  8, = 30' a r e  both shown a s  t h e  i n i t i a l  p ro ton  
energy  TpCm. [Note t h a t  a  neut ron  beam w i l l  l i k e l y  be 
used i n  t h i s  experiment.]  S p e c i f i c a l l y ,  we have 
i nc luded  t h e  fo l l owing  channels  i n  t h i s  c a l c u l a t i o n s  : 
3po + I s O ,  + 3p0, 381 + 3 ~ 1  + 3 ~ 1 ,  3~~ + 3p2 [ a l l  
f o r  S-wave p ions  1 ,  and + 3 ~ 1  + I s o ,  3 ~ 1  + 3 ~ 0 ,  
3 ~ J  + 3p1, 3 ~ J  +3p2 [ a l l  f o r  P-wave p ions  1 f o r  ONM ( o r  
NOIA) and TNM; 3p0 + and 3s1 + 3 ~ 1  + f o r  t h e  
v a r i o u s  quark- in te rchange  [Q.I.] r e a c t i o n  mechanisms. 
Once aga in ,  we s e e  t h a t  e f f e c t s  due t o  
quark- in te rchange  r e a c t i o n  mechanisms may become of 
numer ica l  importance and should  be i nc luded  even nea r  
t h e  t h r e sho ld .  
I n  making t h e s e  p r e d i c t i o n s ,  we have chosen t o  u s e  
t h e  fo l l owing  i npu t  parameters :  
f = -  0.996 [pseudovector  TCNN coup l i ng ] ,  
gA = 1.909 [ f o r  i s o b a r  c u r r e n t s  1 ,  
gpNN = 2.325, fp,, = - 0.646 
[ f o r  (pn) -cur rent  ]  ; 
[The above parameters  a r e  from r e f .  3.1 
p + p + ~ + + d  
~?=180 MeV 
- - Q.I. 
--- NO Q.I. 
Figu re  4 ( a )  and 4 (b ) .  The c a l c u l a t e d  c r o s s  s e c t i o n  f o r  t h e  p ion-absorp t ion  r e a c t i o n  n+ + d  + p  + p  and t h e  
ana lyz ing  power Ay f o r  t h e  r e a c t i o n  p  + p  + d  + ir+ a t  Tp = 180 MeV, r e s p e c t i v e l y ,  a s  a  f u n c t i o n  of q[=q,/m,] and 
a s  a  f u n c t i o n  of t he  p ion  s c a t t e r i n g  ang l e  ecm. 
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Figu re  5 ( a )  and 5(b) .  The p r e d i c t e d  couble  d i f f e r e n t i a l  c r o s s  s e c t i o n  d201dE, dnn and t h e  ana lyz ing  power Ay f o r  
t h e  r e a c t i o n  n + p  + p  + p  + n- a t  t h e  p-p e x c i t a t i o n  energy  Ex = 4MeV and t h e  pion emiss ion  ang l e  0, = 30' a s  t h e  
f u n c t i o n  of t he  i n i t i a l  p ro ton  energy TpCm. 
[ f o r  i s o b a r  c u r r e n t s ;  from Ref. 4.1 
R = 0.57154 ,fm [ co r r e spond ing  t o  RMIT = 0.8 fm], 
= 1.97, 
",*(r = 0) = 0.31 and a,*(r = a) = 3.572. 
[ f o r  quark- in te rchange  mechanisms; from Ref. 5.1. 
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